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CONCENTRATION MONITOR 



Technical Field 

[0001] This invention relates to liquid concentration monitors and, in particular, to 
liquid concentration monitors utilizing conductivity measurements. 

5 Background 

[0002] Certain washers use a solution, known as a use solution or a working solution, 
consisting mainly of concentrate, e.g., detergent, and a diluent, e.g., water. As the use 
solution is utilized and the effects of the detergent concentrate are gradually diminished, 
the use solution becomes less concentrated and the use solution becomes less effective. 

10 At an appropriate time, either the use solution must be changed or additional concentrate 
must be added to increase the concentration of the concentrate, e.g., detergent, in the use 
solution to bring the concentration of concentrate in the use solution to within an 
acceptable range. A user of such a use solution must keep track of the concentration of 
the use so as to know when to add concentrate to the use solution and how much 

15 concentrate to add to the use solution. 

[0003] Concentration monitors are typically used for this purpose. Concentration 
monitors determine the amount, for example, on a percentage basis, of concentrate 
contained in a known use solution. Electrical characteristics of some use solutions vary 
as a function of the concentration. For example, if a concentrate is more electrically 

20 conductive than a diluent, then the conductivity of the use solution will increase as the 
percentage amount of concentrate is increased in the use solution. Thus, a concentration 
monitor that could sense the conductivity of the use solution could determine that 
concentrate needed to be added to the use solution when the conductivity of the use 
solution dropped to a pre-determined level. A concentration monitor of this type could 

25 either, for example, automatically add concentrate to the use solution or, alternatively, 
could report the concentration level, or sound an alarm, and let the user determine the 
appropriate course of action to be taken. 

[0004] Conductivity type concentration monitors typically use a particular cell, a 
probe for insertion into the use solution, for a particular product concentrate, or class of 
30 product concentrate, being monitored. Different use solutions, particularly different types 
of use solutions for different product classes, e.g., different types of detergents such 
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phosphate and non-phosphate detergents, have different cell constants. A cell constant is 
the surface area of the conductive agent in the use solution which is exposed to the cell, or 
probe, monitoring the concentration. A particular cell, or probe, is selected for a use 
solution containing a particular product, or product class, depending on the cell constant 
5 of the use solution. 

[0005] Newer generations of detergent products, e.g., extruded detergents, have 
naturally low conductivity. Thus, the cell constant is markedly different for these types of 
newer detergents as compared with traditional detergents. 

[0006] Therefore, existing concentration monitors with existing cells, probes, which 
10 were designed for traditional detergents, won't work properly with the newer generations 
of detergents. This requires swapping out a multiplicity of probes in a multiplicity of 
existing installations with new probes compatible with newer generations of detergent. 
With a large number of existing installations, swapping out existing probes for new 
probes would be very costly and time consuming as well as disruptive to existing 
15 installations. 

[0007] In addition, the same probe would not work for both classes of detergent 
product. This would require the customer (user) to have multiple probes in stock and to 
actually change probes when a different detergent product, or class of detergent products, 
is used. The customer would have to insert a different probe whenever a detergent 
20 product was changed or a class of detergent products was changed in order to use the 
proper cell, probe, for the current detergent product, or class of detergent products, being 
used. 

Summary Of The Invention 

[0008] Thus, there is a need to expand the usefulness of conductivity type 
25 concentration monitors. The concentration monitor should be useful over a variety of 
products and product classes, not only detergents but also cleaners used, for example, in 
vehicle care, pool & spa environments, and in typical higher strength formulations 
typically found in food & beverage applications. 

[0009] A solution is a concentration monitor which can use a single cell, probe, for 
30 measuring the conductivity of a wider range of products, or classes of products, over a 
wide range of concentrations and a wide range of temperatures. A controller in the 
concentration monitor calculates the concentration of the use solution based upon a 
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measured resistivity (or conductivity) and a measured temperature in accordance with a 
predetermined algorithm for a particular use solution, i.e., for a use solution having a 
particular concentrate, or a particular class of concentrates. Such a concentration monitor 
is useful over a variety of use solutions having a variety of conductivities and is useful 
5 over a variety of temperature ranges. 

[0010] The problem of swapping out cells, probes, whenever the particular 
concentrate or type of use solution is changed is eliminated. The existing cell, or probe, 
may be used on a variety of use solutions by changing the algorithm used by the 
controller in the concentration monitor. Thus, the customer may use existing probes on a 

10 new detergent concentrate, for example. The customer doesn't have to switch probes 
when switching to a different use solution or a different type of use solution. 
[0011] A plurality of algorithms may be stored in the controller. A user may then 
select a particular algorithm which is useful with the particular use solution being utilized 
or about to be utilized. Thus, the concentration monitor can be adapted for a different 

15 type of use solution by selecting an appropriate algorithm. The user could select the 
appropriate algorithm during set up of the concentration monitor at the time that a 
different use solution is prepared. Selecting an appropriate algorithm is much easier, 
more cost effective and less obtrusive than swapping out cells, probes. Further, different 
types of probes would not need to be stocked for different concentrate products or types 

20 of concentrate products. This would enable a user to easily switch back and forth 
between different concentrate products or classes of concentrate products, if desired. 
[0012] In one embodiment, the present invention provides a concentration monitor for 
monitoring a concentration of a plurality of use solutions. Each of the plurality of use 
solutions consists of, at least, a concentrate in a diluent, and each of the plurality of use 

25 solutions has a resistivity which varies as a function of both temperature and an amount 
of the concentrate contained in a given amount of the diluent. A resistivity probe is 
adapted for use with at least one of the plurality of use solutions for taking a measurement 
related to the resistivity of the at least one of the plurality of use solutions. A temperature 
sensor is adapted for use with the at least one of the plurality of use solutions for taking a 

30 measurement related to the temperature of the at least one of the plurality of use solutions. 
A controller, operatively coupled to the resistivity probe and the temperature sensor, 
calculates the concentration of the at least one of the plurality of the use solutions based 
upon a predetermined algorithm using the resistivity and the temperature for the particular 
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one of the at least one of the plurality of use solutions, the algorithm being based upon 
knowledge of the at least one of the plurality of use solutions being measured. 
[0013] In a preferred embodiment, the controller stores the knowledge of which of the 
at least one of the plurality of use solutions are being measured. 
5 [0014] In another embodiment, the present invention provides, a concentration 
monitor for monitoring a concentration of a use solution, the use solution consisting of, at 
least, a concentrate in a diluent, and which has a resistivity which varies as a function of 
both temperature and an amount of the concentrate contained in a given amount of the 
diluent. A resistivity probe is adapted for use with the use solution for taking a 

10 measurement related to the resistivity of the use solution. A temperature sensor is 
adapted for use with the use solution for taking a measurement related to the temperature 
of the use solution. A controller is operatively coupled to the resistivity probe and the 
temperature sensor. The controller stores an identification of which particular the use 
solution is being monitored and calculates the concentration of the use solution based 

15 upon a predetermined algorithm using the resistivity and the temperature for the use 
solution, the algorithm being based upon the identification of the use solution being 
measured. 

[0015] In a preferred embodiment, the storing of the identification is accomplished, at 
least in part, by a user controllable setting. 
20 [0016] In a preferred embodiment, the controller also reports the concentration to a 
user. 

[0017] In a preferred embodiment, the controller performs a function based upon the 
concentration. 

[0018] In a preferred embodiment, the function adds concentrate to the diluent when 

25 the concentration falls below a certain level. 

[0019] In an alternative embodiment, the present invention provides a method of 
monitoring a concentration of a plurality of use solutions. Each of the plurality of use 
solutions being, at least, a concentrate in a diluent, each of the plurality of use solutions 
having a resistivity which varies as a function of both temperature and an amount of the 

30 concentrate contained in a given amount of the diluent. A resistivity probe is adapted for 
use with at least one of the plurality of use solutions for taking a measurement related to 
the resistivity of the at least one of the plurality of use solutions. A temperature sensor is 
adapted for use with the at least one of the plurality of use solutions for taking a 
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measurement related to the temperature of the at least one of the plurality of use solutions. 
The particular one of the plurality of user solution from the plurality of use solutions is 
selected. The resistivity of the selected use solution is measured using the resistivity 
probe. The temperature of the selected use solution is measured using the temperature 
5 probe. The concentration of the selected use solution is calculated based upon a 
predetermined algorithm using the resistivity and the temperature for the particular one 
of the at least one of the plurality of use solutions, the algorithm being based upon which 
of the plurality of use solutions has been selected. 

[0020] In a preferred embodiment, the method further reports the concentration to a 
10 user. 

[0021] In a preferred embodiment the method further adds concentrate to the diluent 
when the concentration falls below a predetermined level. 

[0022] In an alternative embodiment, the method further comprises inserting the 
resistivity probe and the temperature probe into the use solution. 

1 5 Brief Description Of The Drawing 

[0023] Figure 1 is a chart illustrating the effect of both temperature and concentration 
on the conductivity of a particular use solution; 

[0024] Figure 2 is a chart illustrating the difference in conductivity of different 
detergents diluted in water at a particular temperature, in this case seventy-seven degrees 
20 (77°) Fahrenheit; 

[0025] Figure 3 is a chart similar to the chart of Figure 2 but with measured 
conductivities made at the constant temperature of one hundred twenty degrees (120°) 
Fahrenheit; 

[0026] Figure 4 is a chart similar to the charts of Figure 2 and Figure 3 but with 
25 measured conductivities made at the constant temperature of one hundred fifty degrees 
(150°) Fahrenheit; 

[0027] Figure 5 shows an embodiment of a concentration monitor according to the 
present invention operatively coupled to a use solution; 

[0028] Figure 6 shows an alternative embodiment of a concentration monitor 
30 according to the present invention adapted to automatically add concentrate to a use 
solution upon the concentration reaching a predetermined threshold; and 
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[0029] Figure 7 shows a flow diagram of an embodiment a method in accordance 
with an embodiment of the present invention. 

Detailed Description 

[0030] The present invention describes a concentration monitor and method of use 
5 adapted for use with a use solution having a concentrate in a diluent. An example of a 
use solution for which the present invention is useful is a working washing solution 
consisting of a detergent diluted in water. A particular concentrate, or detergent, for 
example, or a particular class of concentrates, has its own use characteristics. 
[0031] Each product or class of products, a product class, has different formulary 
10 chemistry and may have a different conductivity curve, especially when measured from 
very low to very high concentrations. Using detergent as an example, more caustic 
products, or product classes, tend to have higher conductivity relative to less caustic 
detergents. 

[0032] In order to determine the actual concentration of a use solution, it is necessary 
15 to know the conductivity of the use solution at different levels of concentration over a 
range of temperatures. This may be done empirically by taking conductivity 
measurements at different product concentrations at different temperatures. 
[0033] Conductivity can be measured by techniques and equipment well known in the 
art. As an example, conductivity may be measured by direct conductivity sensors or 
20 toroidal coils using an indirect inductive measurement. Typical sensing units range from 
zero to ten volts direct current or from 4 to 20 milliamperes depending on the sensor used. 
[0034] Similarly, temperature can be directly measured by techniques and equipment 
well known in the art. As an example, a thermocouple or resistance temperature detector 
can be used. 

25 [0035] The chart of Figure 1 illustrates the effect of both temperature and 
concentration on the conductivity of a particular use solution. The particular use solution 
illustrated is Kiseki NP (solid extruded detergent, non-caustic, non-phosphate (NTA) 
based on carbonate) in water. The ordinate in the chart is temperature in degrees 
Fahrenheit and the mantissa is conductivity in milliSiemens. A separate curve is shown 

30 for concentrations resulting from various numbers of drops on Kiseki NP concentrate in 
four (4) liters of water. For each concentration, the conductivity increases as the 
temperature increases. At a given temperature, the conductivity increases as the 
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concentration increases as can be seen among curves at a given temperature. The spread 
of conductivity as a function of concentration at the lower temperature range is smaller 
than the range of conductivity as a function of concentration at the higher temperature 
range. Note that the conductivity curve for each amount of concentration is nearly linear. 
5 [0036] The chart of Figure 2 illustrates the dramatic difference in conductivity of 
different detergents diluted in water at a particular temperature, in this case seventy-seven 
degrees (77°) Fahrenheit. The ordinate in the chart is the number of drops of concentrate 
added to four (4) liters of water. The mantissa is conductivity measured in milliSiemens. 
Each curve in the chart illustrates the change in conductivity which occurs as the 

10 concentration of the concentrate is increased. The conductivity curves for Geo Fusion 
(solid extruded detergent, non-caustic, phosphate based on carbonate) and Metal Fusion 
(solid extruded detergent, non-caustic, phosphate based on carbonate and silicate, metal 
protecting) have the lowest conductivities and the curves are very similar. The 
conductivity curves for Solid Power (solid cast caustic and phosphate) and Supra (solid 

15 cast caustic, non-phosphate NTA) have the highest conductivities and the curves are very 
similar. The conductivity curves for Insure (solid cast caustic, silicate based, non- 
phosphate NTA, metal protecting) and Kiseki NP have conductivities which are 
intermediate. 

[0037] The chart of Figure 3 is similar to the chart of Figure 2 but with measured 
20 conductivities made at the constant temperature of one hundred twenty degrees (120°) 
Fahrenheit. Again the conductivity curves for Geo Fusion and Metal Fusion have the 
lowest conductivities and again are very similar. Also again, the conductivity curves for 
Solid Power and Supra have the highest conductivities and again the curves are very 
similar. At this temperature, the conductivity curve for Kiseki NP approximates the 
25 conductivity curves for Power and Supra as well. And again, the conductivity curve for 
Insure is intermediate. 

[0038] The chart of Figure 4 is similar to the charts of Figure 2 and Figure 3 but 
with measured conductivities made at the constant temperature of one hundred fifty 
degrees (150°) Fahrenheit. Although having steeper slopes, the conductivity curves for 
30 all concentrates are grouped similarly to the groupings identified in the chart of Figure 3. 
[0039] As noted in the empirical measurements indicated in the charts of Figures 1, 
2, 3 and 4, the measured conductivity of a given concentrate increases as the temperature 
increases. Thus, while it is important to measure conductivity in order to determine the 
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concentration of a given concentrate, an adjustment should also be made for temperature. 
Of course, one way to account for temperature change is to use a separate curve or a 
separate look-up table for each temperature. Another way to account for temperature 
change is to apply a correction factor. Conventional algorithms increase the conductivity 
5 by two percent (2%) for each one degree (1°) Centigrade rise in temperature. However, 
the table below shows that the six concentrates illustrated in Figures 1, 2, 3 and 4 actually 
have much different percentage correction factors when measured between twenty-five 
degrees (25°) and eighty-eight degrees (88°) Centigrade. 





Calculated Correction Factor (25° - 88° C) 


Drops 


Geo 
Fusion 


Solid 
Power 


Kiseki NP 


Insure 


Supra 


Metal 
Fusion 


4 


2.71 


2.02 


2.86 


2.22 


2.00 


2.74 


8 


2.79 


1.96 


2.83 


2.29 


1.90 


2.74 


14 


2.62 


1.95 


2.79 


2.22 


1.91 


2.70 


22 


2.71 


1.89 


2.77 


2.17 


1.88 


2.67 


30 


2.62 


1.90 


2.62 


2.10 


1.85 


2.65 


Average 


2.69 


1.94 


2.78 


2.20 


1.91 


2.70 



10 [0040] Thus, it can be seen that measuring conductivity in order to determine 
concentration involves not only differing conductivities for a given amount of 
concentration but also involves differing temperature correction factors. 
[0041] The measurements and results discussed above have been with respect to 
conductivity. References in this specification may also be made to resistivity. It is to be 

15 recognized and understood that conductivity and resistivity are related measurements with 
one being the inverse of the other. Thus, if the conductivity of a use solution is known, it 
is recognized and understood that the resistivity is also known simply by taking the 
inverse. And, of course, if the conductivity is known, it is recognized and understood that 
the resistivity is also, again by taking the inverse. 

20 [0042] Figure 5 illustrates a concentration monitor 18 constructed and operating in 
accordance with the present invention. Concentration monitor 18 is shown operatively 
coupled to a liquid use solution 20 being held in container 22. Controller 24 is 
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operatively coupled to use solution 20 with a conventional temperature probe 26 and a 
conventional conductivity probe 28. Temperature probe 26 can be any of a broad range 
of available commercial temperature probes. Conductivity probe 28 can also be any of a 
broad range of commercial conductivity probes including those discussed in relation to 
5 the empirical measurements discussed above. 

[0043] Memory 30 is operatively coupled to controller 24. Memory 30 may store 
information needed by controller 24 to convert the information obtained by temperature 
probe 26 and conductivity probe 28 into a concentration. This information, preferably, 
has been obtained using the empirical measurements discussed above. Preferably, 
10 memory 30 may store the equation which has been fit to the empirical data. 
Alternatively, memory 30 may store a look up table which can be used by controller 24 
for the conversion. 

[0044] Memory 30 may also store the information needed by controller 24 to convert 
information obtained by temperature probe 26 and conductivity probe 28 into a 
15 concentration for a plurality of use solutions 20, i.e., a plurality of products contained in 
use solution 20, or a plurality of classes of products contained in use solution 20. A user 
of concentration monitor 18 may select information from memory 30 regarding at least 
one of the products, or classes of products, contained in the use solution 20 for use by 
controller 24. 

20 [0045] If a first use solution 20, i.e., a use solution containing a first product or class 
of products, is to be monitored, concentration monitor 24 uses a first set of information 
from memory 30 to perform a determination of the actual concentration of use solution 20 
using data obtained from temperature probe 26 and conductivity probe 28. When a 
different use solution 20, i.e., a use solution containing a second product or class of 

25 products, is to be monitored, concentration monitor 24 would then use a second set of 
information from memory 30 to perform a determination of the actual concentration of 
use solution 20 using data obtained from temperature probe 26 and conductivity probe 28. 
This enables concentration monitor 18 to effectively monitor the concentration level of a 
use solution 20 containing a first product, or first class of products, and, later, the 

30 concentration level of a use solution 20 containing a second product, or second class of 
products, using the same conductivity probe 28. The user of concentration monitor 18 
need not switch conductivity probes (cells) 28 whenever a use solution 20 having a 
different product, or different class of products, is used. 
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[0046] Upon determining the actual concentration level of use solution 20, 
concentration monitor 18 may then display the results on display 32 such as by the 
display of a percentage concentration level or an alarm signal if the concentration falls 
below a predetermined threshold, for example. The user may then take appropriate 
5 action, such as replenishing the supply of concentrate in use solution 20. 

, [0047] In an alternative embodiment illustrated in Figure 6, concentration monitor 18 
having controller 24 and memory 30 is operatively coupled to use solution 20 in container 
22 with temperature probe 26 and conductivity probe 28, similar to concentration monitor 
18 of Figure 2. The algorithm for determining the concentration level selection from 

10 memory 30 occurs in the same way. The temperature of use solution 20 is measured with 
temperature probe 26 in the same way. The conductivity of use solution 20 is measured 
with conductivity probe 28 in the same way. The concentration is calculated by 
controller 24 in the same way. Concentration monitor 18 illustrated in Figure 3 
determines when the concentration of concentrate 34 reaches a predetermined level. 

1 5 However, instead of displaying the results of the concentration, or displaying an alert, for 
example, to a user, concentration monitor 18 actually adds concentrate 34 through hopper 
36 to increase the concentration of concentrate 34 in use solution 20 to an acceptable 
level. Thus, concentration monitor 18 illustrated in Figure 3 not only monitors and 
measures the concentration level of use solution 20 but also automatically replenishes the 

20 supply of concentrate 34 in use solution 20. In this way, the proper concentration level of 
concentrate 34 in use solution 20 is maintained. 

[0048] In a preferred embodiment, a user of concentration monitor 1 8 could select an 
algorithm, or look up table, from memory 30 from eight settings based on product 
classification. The desired equation or look up table would be used to determine the 
25 concentration of use solution 20 and, hence, control the addition of concentrate to use 
solution 20. 

[0049] As an example for use solutions based on detergents, one controller algorithm 
could be used for a class of extruded products having naturally relatively low 
conductivity. Another setting could be used for very high concentrations of highly 
30 conductive liquid or solid caustic for applications found, for example, in food and 
beverage and vehicle care use situations. 

[0050] Figure 7 is a flow chart illustrating a technique for calculating concentration 
using the measurements and calculations described above. The method starts in block 
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110 with the optional step of inserting a resistivity (or conductivity) probe into the use 
solution being measured. In the optional step identified in block 1 12, a temperature probe 
is inserted into the same use solution. Steps 110 and 1 12 are optional because the method 
of the present invention may be employed in an environment where resistivity (or 
5 conductivity) and temperatures probes have already been inserted into the use solution. 
This would be the case, for example, in an existing installation where the method of the 
present invention is utilized to upgrade an existing prior art concentration monitor. 
[0051] The particular use solution being measured is selected (block 1 14). Of course, 
the selection of step 1 14 could be made before, during or after steps 1 10 and 112. 

10 [0052] The conductivity of use solution 20 is read (step 116) as an analog voltage. 
The analog voltage is converted from an analog voltage to conductivity value in 
milliSiemens per square centimeter (mS/cm 2 ) using a known equation or predetermined 
look up table. The temperature of use solution 20 is read (step 118) also as an analog 
voltage. The analog voltage is then converted to a temperature value in degrees Celsius 

15 using a known equation or a predetermined look up table. Of course, the measuring of 
steps 116 and 118 could occur in either order or, preferably, occur simultaneously. 
[0053] Once the particular use solution 20 has been selected and the resistivity (or 
conductivity) and temperature have been measured, then the concentration of the 
concentrate in the particular use solution 20 can be calculated (block 120) using the 

20 techniques discussed above. The method can then repeat by returning to steps 116 and 
1 18 to continue measuring resistivity (or conductivity) and temperature. 
[0054] Optionally, the concentration determined in step 120 can be reported (block 
122) to a user such as by a conventional display, signal, alarm or other communication 
technique. The method can then repeat by returning to steps 116 and 118 to continue 

25 measuring resistivity (or conductivity) and temperature. 

[0055] Alternatively and, again, optionally, the concentration determined in step 120 
can be compared with a predetermined standard to determine if the concentration of use 
solution 20 is too low (block 124). If the concentration is at or below the predetermined 
standard, then additional concentrate 34 can be added (block 126) to use solution 20. 

30 Whether or not the concentration is too low and whether or not concentrate 34 is added, 
the method can then return to steps 116 and 118 to continue measuring resistivity (or 
conductivity) and temperature. 
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[0056] Various modifications and alterations of this invention will be apparent to 
those skilled in the art without departing from the scope and spirit of this invention. It 
should be understood that this invention is not limited to the illustrative embodiments set 
forth above. 
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